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INTRODUCTION 

Inves t iga t ions  of t he  d r i f t  of i on iza t ion  i r r e g u l a t i t i e s  of 
t h e  ionosphere were conducted a t  a s e r i e s  of po in t s  beginning with 
1948- 1950. ApplTing m a i n l y  the method of s i g n a l  recept ion  a t  th ree  
s c a t t e r e d  po in t s ,  t he  ve loc i ty  and t h e  d i r e c t i o n  of t he  d r i f t  are 
determined. It must be noted t h a t  t he  motion of ionosphere i r r egu la -  
r i t i e s  apparent ly  r e f l e c t s  incompletely the  atmospBere c i r c u l a t i o n  

a t  r e spec t ive  a l t i t u d e s .  It fo1lows from t h e o r e t i c a l  ca l cu la t ions ,  t h a t  
t h e  ion ized  formations d r i f t  w i t h  wind ve loc i ty  i n  the  d i r e c t i o n  of 
t he  magnetic f i e l d .  Only observation6 of meteor t r a i l s  allow the  obten- 

t i o n  of systematic  d a t a  on the  w i n d  regime. However, these  data r e f e r  
t o  a r a t h e r  nerrow a l t i t u d e  range (about  90- 105 km). 

,-. -.---------- 

The r e f l e c t i o n  of radloreves from the  E-region of t h e  iono- 
sphere tekes  place mostly a t  1 2 0  km. I f  we analyze the  system of e lec-  
trodynamic equations f o r  an incompletely ion ized  gas ,  we may e s t a b l i s h  
t h a t  nothble d e f l e c t i o n s  of the movement of i r r e g u l a r i t i e s  from thoee 
of the  neu t r a l  cor:ponent are poss ib le  a t  t h a t  height .  I t  aa6 shorn in 
r e f .  Cl3 ,  t h a t  the  region of the ionosphere i n  t h e  110-130 km range 

2 IZMEX.ENIYE D m F A  NEODNORODNOSTI IONIZATSII V OBLASTE E IONOSFERY 
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is t r a n s i t i o n a l  i n  i ts  own way. Below t h a t  re5ion we may make use of 
t h e  equat ion of t h e  geostrophic wind, and above - of  a dynamo - 
reg ion  for which a s u b s t a n t i a l  i n f l ence  of electrodynamic e f f e c t s  is 
c h a r a c t e r i s t i c .  

The cha rac t e r  of the  f luc tua t ion  of s i g n a l s  received at s c a t t e r -  
ed p o i n t s  may be s t rong ly  d i s t o r t e d  on account of po la r i za t ion  f ad in3  
of t h e  ordinary and extraordinary components, To exclude such e f f e c t ,  
i t  i s  usua l ly  recommended t o  conduct measurements i n  the  frequency of 
2.2 2 0.2 mc/s, i. e. a frequency near t he  gyromagnetic, when the  
ex t raord inary  component i s  a b ~ e n t .  The following up of t h i s  recommen- 
da t ion  Implied t h e  requirement of us ing  s t a t i o n s  of t e n s  of kr power 
i n  t h e  pulse  f o r  t he  obtention of d r i f t  data i n  daytime, a s t r o n g  

absorp t ion  being present  near  noon time, Consequently, an experimental  
v e r i f i c a t i o n  of t h e  r e l i a b i l i t y  of the r e s u l t s  obtained at higher  f r e -  
quencies is requi red  . 

The i nves t iga t ions  of d r i f t  i r r e g u l a r i t i e s  are included i n  
t h e  IGY progran of s c i e n t i f i c  observat ions during the  per iod of t h e  

q u i e t  Sun (1964- 1965). 

Meaf~Urement6 of po la r i za t ion  of radiowaves r e f l e c t e d  from the 
E-region of t h e  ionosphere were r egu la r ly  conducted at Khar*kov's 
Poly technica l  I n s t i t u t e  during t h e  per iod 1959- 1960. The d r i f t  w a s  

measured e i t h e r  i n  the  presence of only one component, or a t  exclusion 
of one of the  components whenever two were present  i n  t h e  r e f l e c t e d  
s i g n a l .  

Some of t h e  r e e u l t s  are  brought ou t  i n  t h e  p re sen t  work, 
and recommendations a re  made i n  regard t o  p r a c t i c a l  implementation of 
of d r i f t  measurements in t he  absence of a radiopolar imeter ,  The i n s t r u -  
mentation and t h e  method of measurements a r e  examined in ref . E21 . - 

* * * 



1. INVESTIGATIONS OF LIMIT POLARIZATION OF RADIOWAVES 

IlEFLECTED FROM THE E-LAYER OF THE 

IONOSPHEm . 
The limit po la r i za t ion  of v e r t i c a l l y  ionosphere-reflected 

radiowaves wae s tud ied  i n  the  2- 6 mc frequency range i n  the  course 
of 2 - 5 -minute sess ions .  The obtained 200- 500 po la r i za t ion  e l l i p -  
s e s  were p r o c e s ~ e d  and averaged by the  reEpective parameters,  obtai-  
ning a s i n g l e  hourly value. The observat ion i n t e r v a l  va r i ed  according 
t o  the  s t a t e  of t he  ionosphere and in t e r f e rence  l e v e l .  

The r e s u l t s  of i n v e s t i g a t i o n s  
of t he  po la r i za t ion  a r e  p l o t t e d  i n  

n - 349 Fig,  1. When p l o t t i n g  histograms, 
the  data obtained i n  days with d is -  

furbed ionosphere were excluded, 88 

&so the  so-cal led cases of quasi- 
s t eady  po la r i za t ion ,  conditioned by 
simultaneous presence of both magne- 
to ion ic  components. This  was done 
i n  connection w i t h  the  f a c t  t h a t  t h e  
re f l e  c t i one from perturbed ionosphe - 

40 

90 

re a re  charac te r ized  by a s u f f i c i e n t -  
l y  s m a l l  e x i e  r a t i o  c21, and t h a t  
the po la r i za t ion  parametera vary 

then s u b s t a n t i a l l y  from one peeturb- 

ed dag t o  enother. The c - e ~  of qua- 

si -s teady po la r i za t ion  also o f t e n  
have a s m a l l  axee' c o r r e l a t i o n  and 
are q u i t e  unsteady i n  time. Therefo- 

r e ,  these two phenomenas w i l l  conceal 
t o  a c e r t a i n  degree t h e  seasonal ,  

Fig. 1 .- Histogrsme of d i s t r i b u -  
t i o n  of axes' cor re l a t ion8  and 
I n c l i n a t i o n  angles of main axes 
of p o l a r i s a t i o n  e l l i p s e s ,  corres- 
pending to the Ordinary and extra- 
ord inary  components, reflected 
from the  E-layer. The number of 
caees i s  i n  o rd ina te s ,  and the 
angle &,computed by the  clock 
arrow from the  Norther ly  magne- 
t i c  d i r e c t i o n  t o  the  main axis 
of the  e l l i p s e ,  is i n  absc issa ;  

po la r i za t ion  e l l i p s e .  
is the axes) r e l a t i o n  of the d a i l y  and o the r  parameter v a r i a t i o n s  

of the po la r i za t ion  e l l i p s e  . 
The r e s u l t s  of observations (Fig.  1 )  show t h a t  t h e  e l l i p t i c a l  

p o l a r i z a t i o n  of ionosphere-reflected radiowaves is the  most-frequently 
encountered one . 
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The r e l a t i o n s h i p  of the axes of the  ordinary magnetoionic component 
v a r i e s  most f requent ly  i n  t h e  0.6 - 0.7 range, and t h a t  of t h e  ex t ra -  
ord inary  - about 0.5 t o  0.8. The axes r e l a t i o n ,  computed according 
t o  t h e  magnetotionic theory,  t ak ing  i n t o  account t h e  d i f f r a c t i o n  pno- 
pagat ion mechanism, var iee  f o r  t h e  condi t ions of t he  cLty of Rhar'kov 
wi th in  the  0.46- 0.8 range. 

The i n c l i n a t i o n  angle of the  main axis of t h e  p o l a r i z a t i o n  
e l l i p s e  of the  ordinary wave l i e s  i n  the  0- 80° i n t e r v a l ,  and t h a t  

of  the ex t raord inary  rave - i n  t he  120-  180' range. Often,  the main 
axis of the  p o l a r i z a t i o n  e l l i p s e  of t h e  %component is s i t u a t e d  i n  
the  10- 300 angular range, and t h a t  of t h e  X-component - i n  t he  

140 - 170' range , i. e . the p o l a r i z a t i o n  e l l i p s e s  are s i t u a t e d  about 
around thr nor the r ly  magnetic d i r e c t i o n ,  

The d a t a  brought up charac te r ize  the  l i m i t  p o l a r i z a t i o n  of 
only one magnetoionic component, s e l e c t e d  w i t h  t h e  aid of a radiopola- 
rimeter and of r ece iv ing  euppression system. 

Measurement6 conducted i n  Khar'kov allow t he  tmCerta$ni'ng of  
t he  daily (Fig. 2) and eeasonal (Fig.  3)  v a r i a t i o n s  of paranetera  of 
the  p o l a r i s a t i o n  ellipses. AB may be seen  from Fig. 2 t h e  p o l a r i z a t i o n  
parameters of t h e  ordinary conponent r e f l e c t e d  from the  E-layer,  are 

Fig.  2. Daily v a r i a t i o n s  of the Fig.3.-  Seasonal  v a r i a t i o n 8  
parameters of t h e  po la r i za t ion  of t h e  angles of i n c l i n a t i o n  
e l l i p s e  of radiowaves , r e f l e c t e d  of t h e  main axes of the  pola- 
from the  E and E,- l a y e r s  of the r i s a t i o n  e l l i p s e  corresponding 
ionosphere.  The dashed parts of t o  t h e  ord inary  component, 
the curves cha rac t e r i ze  the  varia- r e f l e c t e d  from the E-layer. 
t i o n s  of t h e  p o l a r i z a t i o n  parameters 
o f  ref lect ions from the Ec-layer 

s u f f i c i e n t l y  s teady  i n  daytime, but s u b s t a n t i a l  v a r i a t i o n s  of  the angle 
of i n c l i n a t i o n a n d  e c c e n t r i c i t y  of t h e  p o l a r i z a t i o n  e l l i p s e  are observed 
at s u n r i s e  and sunse t  periods.  
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It must then be noted a lso ,  t h e t  t he  quasi-period of  shor t -per iodica l  
v a r i a t i c n e  of po la r i za t ion  e l l i p s e s '  parameters ranges from 10 t o  70 s e c ,  
t h e  magnitude of r a t i o  de f l ec t ions  of axes and i n c l i n a t i o n  angles  of 
main axe6 from t h e  mean a r i thme t i ca l  r e spec t ive ly  reaching 15 and 10%. 

The data obtained i n  1959 allowed t o  revee l  seasonal  v a r i a t i o n s  
i n  t h e  i n c l i n a t i o n  angle of t h e  rxain axis of t h e  p o l a r i z a t i o n  e l l i p s e  
of  t he  0-component r e f l e c t e d  from E-layers. A notzble  inc rease  i n  t h e  
i n c l i n a t i o n  angle toward s w m e r  is apparent ly  explained by e i t h e r  a 

t r u e  v a r i a t i o n  of c o l l i s i o n  frequency a t  the l e v e l  de f in ing  t h e  limit 
p o l a r i z a t i o n ,  o r  by the  v a r i a t i o n  of l e v e l  he ight .  

2, BD3ASuREMENTS OF THE DRIZT OF IR?SGULARITIES I N  THE E-REGION OF 
THE IONOSPHERZ. 

Measurements of t he  d r i f t  of i r r e g u l a r i t i e s  were conducted 
monthly dur ing  6 t o  10 days. Each time s i g n a l  p o l a r i e a t i o n  con t ro l  
w a ~  e f f e c t e d  with the  a i d  of a polar imeter  p r i o r  t o  the beginning of  
r e g i F t r a t i o n  . 

The result6 of measurements competed i n  t h e  years  1959 and 1960 
a r e  p l o t t e d  i n  Fige. 4 and 5. The  p reva i l i ng  d i r e c t i o n  of d r i f t  i s a s  

in all 8easons (Fig .4). The d r i f t  v e l o c i t y  v a r i e s  t o  160 m/sec (Fig. 5). 
The methods of ca l cu la t ions  of t he  va lues  of v e l o c i t y  ( c o r r e l a t i o n  and 
s i m i l a r i t y  of s i g n a l  f l u c t u a t i o n s )  does not p r a c t i c a l l y  a l l o w  t o  compute 
very low v e l o c i t i e s ;  t h a t  is why t h e  lower limit of v e l o c i t i e s  in Fig. 5 
(20  m.8ec) has  a somewhat condi t iona l  charac te r .  A c e r t a i n  inc rease  i n  
v e l o c i t y  06 observed in t he  autumn-winter per iod.  It is poss ib ly  l i nked  
w i t h  t he  f a c t ,  t h a t  the  height  of t h e  E-region of t h e  ionosphere a t  t h a t  
time of t h e  year  is usua l ly  somewhat increas ing .  

It is w e l l  known t h a t  the  g r a v i t a t i o n a l  and t h e r m ;  e f f e c t  o f  

t h e  Sun causee the  appearance of 12-hour wind components. Such wind 
is observed a t  the  ground w i t h  an amplitude of a few tens of cm/sec. 
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Local Time 

direct ion8 i n  the  E-region o f  the 
ionosphere 

Fig.4.Hlstogralns of d i s t r i b u t i o n  of drift 
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F i g .  5. Histograms of d r i f t  v e l o c i t i e s ’  d i s t r i -  
bution in the E-region of t h e  ionosphere. 



.. 

Owing t o  the  atmosphere resonance i n  the  meteor zone, t h e  amplitude 
of v e l o c i t y  conponents rises t o  10- 30 m/sec. The d a i l y  cosponent 
o f t e n  has an amplitude 3 t o  8 times smaller .  Taking t h i e  i n t o  account,  
i t  is appropriate  t o  conduct a harmonic ana lys i s  of t h e  results, avai- 

l a b l e  f o r  1 2  d iu rna l  hour6 of t he  value of the  ve loc i ty  by expanding 
i n  Four ie r  s e r i e s .  The s t a t i s t i c s  of measurements allow t o  conduct i t  
by merely u n i t i n g  qua r t e r ly  results. Daily va r i a t ion6  of t he  v e l o c i t y  
for t h e  0- and X-componente In the  s p r i n g  and summer of 1960 a r e  p l o t t e d  
i n  Fig.6.  

3 

Fig. 6*- 

A 
5 O d h  

S e m i - d a y  component of t he  d r i f t  
i n  t h e  E-region of t h e  ionosphe.re 
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3. DRIFT MEASUREMENT AND STATE OF POLARIZATION OF TRE RADIOWAVE 
REFLECX'ED FROEI THE IONOSPKEm. 

Pola r i za t ion  inves t iga t ions  have shorn t h a t  t he  ex t raord inary  
component a t  Kharckov l a t i t u d e  is absent  i n  daytime t o  about 3 mc  fre- 
quency with t h e  same p robab i l i t y  a6 t o  t he  frequency of  2.4 mc/e c21. 
S t a r t i n g  from 3 mc, t h e  p r o b a b i l i t y  o f  ex t raord inary  component's appea- 
ranoe increases ,and from about 4 mc, t h i e  component i e  o f t e n  g r e a t e r  
by amplitude than the  ordinary one. It must then be noted, t h a t  the 

r e f l e c t i o n s  from t h e  E-layer of ten  conta in  simultaneously t h e  0- and 
I[-components. C h a r a c t e r i s t i c  p e c u l i a r i t i e s  i n  t h e i r  behavior could be 
i n d i c a t e d  so 88 t o  recogni te  those cases.  Thus, t h e  quasi-period of 
amplitude f l u c t u a t i o n s  decreaees t o  2 - 4 s e c ,  while t h e  quasi-period 
of t he  amplitude f l u c t u a t i o n s  of one component, r e f l e c t e d  from t h e  
E-layer,  is of the  order  of 6 - 1 4  s e c ,  and by its shape, t he  fad ing  
r e f l e c t i o n  envelope suggests a s i n e  curve. 

A r e l i a b l e  recogni t ion  of the  i n t e r f e r e n c e  fad ing  can be made 
w i t h  t he  help of  an a d d i t i o n a l  antenna, similar t o  d r i f t  antenna, 
which is placed a t  the  same spot  with e i the r  of the d r i f t  antennas 
and o r i en ted  a t  9 W t o  the  la t ter .  Then, i n  t h e  presenae of i n t e r -  
fe rence  fading,  s i g n a l s  from the main and add i t iona l  antennas w i l l  
f l u c t u a t e  with a c e r t a i n  temporal s h i f t ,  which is conditioned by the 

r o t a t i o n  of t he  p o l a r i s a t i o n  e l l i p s e .  

In order  t o  i n v e s t i g a t e  t h e  d r i f t  a t  any frequency, it w a g  

recommended t o  use c i r cu la r -po la r i za t ion  antennas. However, 0- and X- 
components are o f t e n  present  i n  r e f l e c t i o n s  from t h e  E- layer  eimulta- 
neously,  with nea r ly  the  same amplitudes and with q u i t e  uns tab le  pola- 
r i z a t i o n  parameters. That is why the  t o t a l  suppression of e i t h e r  o f  
t h e  components is poss ib le  only during 10- 60 8ec. The u t i l i z a t i o n  
o f  s u f f i c i e n t l y  complex c i r cu la r -po la r i za t ion  antennas,  whose tuning 
is moreover made d i i f i c u l t  on account of t h e  f a c t ,  t ha t  t h e  p o l a r i z a t i o n  
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of  raves r e f l e c t e d  from the ionosphere is, 88 a. r u l e ,  e l l i p t i c a l ,  and 
bes ides ,  the e l l i p s e  parameters vary- still inore i n  the couree. of the 
day, is apparent ly  inappropriate .  

Translated by AND= L. ERICHAWC 

under Contract No. NAS-5-2078 
15 January 1964. 
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